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£\ r.OVFRNMENT RICHTS IN INVENTIO N 

jp* '-^ Some aspects of this invention were made in the performance of U.S. Government 
Contract No. DAA HOI 96-C-RD35, "BaSrTi0 3 Etching for Advanced Microelectronic 
Devices." The U.S. Government has certain rights in the invention hereof. 



BACKGRO UND OF THE I NVENTION 
Field of the Invention 

The present invention relates to an isotropic dry cleaning process for noble metal 
integrated circuit structures. 

Descri ption of the Rel ated Art 

Thin films of noble metals (Pt, Pd, Ir, Rh) have become technologically important in 
integrated circuits (ICs) as electrodes for ferroelectric and high 8 thin films in FeRAMs, 
DRAMs, RF and microwave MMICs, pyroelectric IR focal plane detector arrays, etc. 

The absence of viable dry etching techniques for submicron patterning of these electrodes 
is a chronic problem that has threatened to retard or even prevent widespread use of these 
materials. The present dry-etching approaches utilize plasmas for reactive ion etching 
(RIE), arc chlorine-based, and result in significant residue being left on the 
croelectronic device structure after the etch process has been completed. 
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Depending on the type of structure that is being formed by the patterning step, this post- 
etch residue may result in short circuiting, undesired topography or other deficiencies in 
the operation of the circuit element in subsequent use of the product microelectronic 
device. Prevention of the formation of such residues may be achieved in some instances 
by manipulating the reactive ion etching (RIE) process parameters, but such process 
manipulation results in undesirable sidewall slopes in the microelectronic device structure 
that effectively prevent useful submicron capacitors from being fabricated. 

Alternatively, the residue resulting from RIE can be removed by wet rinsing techniques, 
after the etch process has been completed. Wet rinsing techniques are however generally 
unsatisfactory, because a significant fraction of the residue may be transported in 
suspension in the rinse media, allowing a small fraction of the residue solids to redeposit 
on the wafer, and thereby reducing device yield. 

Further, in some microelectronic device structure geometries, the residue may not be 
removed using wet rinsing methods. 

Another drawback of wet rinsing methods is the need for a separate process tool to 
implement the wet rinsing clean-up, which adds to the capital equipment and operating 
costs of the process system. 

It would therefore be a significant advance in the art of integrated circuit device 
fabrication, in which noble metal films are formed on the device substrate as electrodes 
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or other structura, components of .he dev.ee, ,0 provide an effective cleaning process for 
moving unwanted residues on the integrated eircui. structure after etching or other 
process fabrication steps. 



^■i ^ARV OF TH F INVENTION 

m c r oe,ec.ron,c device structure during the fabneatton thereof, by contacting the 
mi croe.ce.ron,c devtce structure wUh a ga,phasc reacttve ha.ide composmon, e.g., XcF ; , 
SF 6 , S,;F 6 , SiF* or S,F 2 and /or Si Fj rad.ca.s, for sufficient time and under sufficient 
conditions to at least partially remove the noble metal residue. 

Such "dry dean" method of the mven.ion effects an iso.roptc dry etching of the noble 

pressure exposure of the noble metal residue to the reactive halide gas. 

The reacttve haltde may comprise any suitable halide substr.uent, e.g., fluorine, bromine, 

agent may i,se,f comprise the reaction product of an im.ia, reaction, such as the reaction 
of XeF, with ..icon to form SiF 2 and/or SiF 3 radicals as the reactive haltde agent. In thts 
manner SF 6 , S,F 4 or S, 2 F S may be used with an activation source „on beam, electron 
beam, ultra violet or laser) to produce the reactive radical species. 
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The invention contemplates two main 



cleaning techniques for using the reactive halide 
the microelectronic device structure. 

The firs. <echn,a,e is a batch contacting method whcre.n a chamber contatmng the 

or a mixture of the reactive hahde gas and Cher gas,es), either inert or reactive. After the 
.active halide is ailowed ,0 react for a predetermined amonn, of t.me, the chamber is 
evac „a,ed and backfilled again with fresh cleaning gas. The evacuation pressure can be 

nunrber of exposure cycles is no, limited, but will depend on the amount of matena, ,0 be 

removed. 

gas e. g ., XeF : , SF 6 , Si,F. or SiF„ ,s introduced to the chamber contaming the 
mix ,ure of the reactive halide and other gas(es), either inert or reactive, may be used. 

centimeter per minute (seem) to about 10 standard liters per minute (slm). 
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,„ either case of bal ch or coccus operation, .he microelectronic device stnrcture to be 
cleM cd may be he,d a, temperatures in the range of from about-50°C to about 200°C. 



,„ the foregotng methodology, the reaetive halide gas may for example comprise a XeF 2 



Such vapor may be obtarned from tbe sublimation of XeF, solid crystais. XeF 2 
will sublrme a, room temperature, b„, may be heated to mcrease the rate of sub.imatto, 



vapor 



SiF 4 , Si 2 F 6 and SiF 2 and SiF 3 radicals. 



Thc reacttve hahde compos.uon may a,so be produced in an upstream p.asma, e.g., SiF 2 
and S, Fj radicals may be formed by passmg S.F, gas through a remote plasma. 



comprising 



compos ailoys or eombtnations of such metals, as we,, as alloys or combines of 
one or more of such metals with other (non-noble) metals. 

Other aspects, features and embodtments of the mvention wi„ be more fu.ly apparent 

from the ensuing disclosure and appended claims. 
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invention, in one aspect thereof. 

rt f « nrocess flow of an alternative method 
Figure 2 is a schematic representahon of a process 

embodiment of the invention. 

rt f n nrocess flow for yet another method 
Figure 3 is a schematic representation of a process 

embodiment of the present invention. 




FABRICATION OF —ASED ELECTRODE STRUCTURES," Is ***** 

herein by reference in its entirety. 



from . m ,c— **. — - * C — 6 

micro « **. - a «*• —Ion, e,, Xe b 
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SF, SiF, S, 2 F 6 , o, m and/or SiF, radicals for sufficient time and under sufficient 
conditions to a. least partially remove the noble metal residue. 

The method of the invention may be advantageously used to remove residue from a 
mi croe,c,ronic devtce structure, subsequent to reactive ton etching of noble metal 
electr ode films thereon, for patterning of the electrode m the fabnca.ion of the 
mi croelec.ron,c device, and/or following chemical mechanical polishing (CMP) of the 
electrode or a precursor structure therefor. 

A5 used herem, the term .. m ,cr»elec.r„nic device structure" refers to a microelectronic 
device or a processmg step towards the formation of a structure for the mtcroe.ectronie 
device that must be subjected ,0 subsequent processing or treatment steps in order ,0 
fabricate the final product device. 

The method of the present inventton obviates the deficiencies of the pnor ar, we, rinsing 
formed on the surface of a microelectronic substrate, devtce or precursor article. 

h a ,„ g enated compounds such as XeF 2 and/or other haltde composes as agents for 
rem „vi„ g extraneous noble meta, residues that are present on the mreroelectronic device 
nocture subsequent to formtng nob, meta, electrodes or other integrated circut, 
components thereon, and reactive ton etchtng (R1E, and/or chemical mechantca, 
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p0 ,i s hi„ g «CMP, thereof. Alternatively, the rentova, a g e„, for the nob,c mcta, — 
com pr,se a ***** radica, species such as S,F 2 or SiF, radicals, fenced by prior 



may 

reaction as hereinafter more fully disclosed 



p.atinum. pal,adi Um . Mum or rhod.un, as we,, as a„oys and confutations inc,ud,„ g 



one or more 



of such metals, e.g., with other non-noble met a ,(s). 



The invention contends two main clea„in g technics for us,n g the reacttve hahde 

the microelectronic device structure. 

of the reactive hahde g as and other g as(=s), Cher inert or reactive. After the 
hahde is ahowed to react for a predetermined amount of time, the chamber is 

removed. 



or a mixture 
reactive 
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ga < eg, XeF„ SF 6 , S, 2 F S or SiF, ,s ..reduced to ,he chamber coding * 
mixture of*, reactive halide and other g as(es), either tner, or reacrive. may be u S e, 

centimeter per minute (seem) to about 10 standard liters per minute (,1m). 



1„ either case of batch or contmuous operation, the microelectronic device structure to be 
clea „ed may be held a, temperatures ,„ the range offrom about - 5 0»C ,0 about 200»C 



condition, tndnding ambient temperature, low temperature and elevated temperature 

cam ed out at room temperature conditions i„vo,vin g the subbmatton of XeF ; to generate 
an active c.eamng agent. XeF 2 may also be flrst reacted with another compound, such as 
si ,icon, to generate an active cleaning agent comprising SiF. or SiF, radteals. 



, e deposited nobte metal-based mater.a, may be emp.rically determtned *,e varytng 
,he time and/or contaetmg conditions (such as temperature, pressure, concentration and 
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desired etching result. 

enbanced throu g h .he use of Lewis-based adducts or e^on bacK-b„„din g species, e.g., 
carb0 „ monoxide, trtfluorophosphine, ,ri a lM P hosphines, e,c. These c,ean,n g 

products and noble metal (hal.de), species or noblc metal (hahde radical,, speces. 

subst ra,e, the step of c„„,ac,in g the indium-based materia, wrth a cleaning g as includ.ng 
lhe xm o„ hahde etching reagent ma, be carried ou, with a cleaning enhanced agent 
suc „ as carbon monoxide to assist in the volatilization and removal of ,r(X„. 6 (where X - 
halidel S pec,es fronr the ,rid,„m-b a sed materia, on the substrate. Where X - chionne. 

„f rn o-rves to enhance the reactant volatility 
bromine, fluorine or iodine in the presence of CO serves 

through the format.on of <COyr(X, w . These enhancement agents can be used 
«,us,y for etching ,r ,n hal„ge,based plasmas, ion beams and in hybrid etching 
schem es Corresponding use of CO or other platinum metal hexafluorides may be 
uliliz ed ,„ remove other p.atinum meta, residues on semiconductor dev.ee structures. 

s „bs,ratc, the step of contacting the indium-based materia, with a cleaning g as mclud,n g 
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t „e xenon hahde etchmg reagent may be carried ou, with a c„-e,cha„. sue,, as SF 6 . S, A 
SiF, or radica, speeies such as SiF, and S,F 2 ,0 assi, in the voUihzat.on and removal of 
, r(X)l . (where X - sthcon Wide complex ) species from the tridium-based matena, on 

the substrate. 

inert gases. ,n genera,, ion beam-assisted, ptasma-asststed or photo-ass.sted technics 

example by decreasing the time retired for renrova,, or .creasing the ex.cn, of remova, 

in a given time, etc.. 

,„ a P p,ica,io„ to the fabricate of speciHc types of microe.ectronic device structures, the 
i„ V e„ tl „„ has t.lustra.ive u.ih.y in the fabrication of capacitor structures. There are three 
princtpa, types of capacitor geometries and associated processing paths, hereafter referred 

sig „,f,ca„. economic or enabhng advantage over ,he methods of the prior an. 

Capacttor arrays in htgh-density memories (> 64 Mb, are typ.cahy made by patternmg 
the bottom eiectrode poor to deposition and patterning of the die.ectric and top e.ectrode 
layers. This is referred to as a Type 1 structure. 

For Type , structures, the poor art has used a combination of mechanic. ,i,uid ag.ta.ton 
and partial disso,u.,„n of the restdue ,o "dean up" the noble metal residues. 
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The process of the present invention provides an effect.vc alternate to such prior ar, we. 
methods for removing noble metal rcs.dues from RIE-pat.erned bottom electrodes. 

The process of the mvcnfion ,s also usefully appltcd to patternmg approaches that define 
t he entire capacrtor in one step, includ.ng WE of the entire me.al-d.electric stack (Type 
2) and chemtca, mechan.cal planarization, or chemical mechanical polish.ng, as such 
operation is sometimes termed (Type 3). 

,n chemical mechan.cal planarization, eapactors are formed in recesses and excess 
protruding d.eleOnc and meta. is removed by polishrng, as more fully described in ^ 
copending U.S. App.ication No. 08/975,366 filed November 2<>Vin the names of Peter 
C. Van Bus« and Peter S. K.rl.n for "CHEMICAL MECHANICAL POL.SHING OF 
FeFRAM CAPACITORS," the disclosure of which hereby is incorporated herein by 
reference in its entirety. 

Typr ' rap^ itnr Structures 

As menttoned, this structure ,s used for very h.gh-dens.ty memor.es, such as those w„h 
memory density > 64Mb. Parts of .he capac.or are formed on .he sidewal.s, w..h 
potential large increases in capacitor area. 

Referring ,oF,gure 1 A of the drawings, a Type 1 eapactor array is formed over an array 
of , ra ns,s,„rs (not shown), which are contacted preferably by conductive p.ugs 1. The 
conductive plugs are planned on the surface of the isolat.on d.electric 2, or subse q uen, 
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,„ capacitor formation by etching v,as in which conducive plugs are formed, as shown in 

Figure 1A. 

using conventional methods such as CVD or sputtering. The bottont electrode is then 
dielectric (high 8, ferroelectric, etc.) deposition. 

When the electrode is patterned us.ng the predominantly physical mechanism of the 

.deposited on the sidewahs of tbe photoresist (or hard mask), and when the mask is 
r emoved, the .deposited ,ayers rema.n. These .deposited features 5, sometimes 
characterized as -ears," are surprisingly robust. 

fabrication of such Type 1 structure and may be advantageously indented tn-situ in 
, h e R1E reactor. As shown in figure ID, the isotropte nature of the dry clean etch 
effectively removes the ears that were formed by the highly anisotropic R1E process. 

Th e result ,s smooth bottom e.ectrodes 6 tha, will tnerease device yte.d because of tbe 
absence of sharp features which would ,f 0>herwise present serve ,0 enhance E-ffcld, in 
tte capacitor dielectric. Subsequent processing of the capacitor may then proceed (no. 
shown,, comprising d,e,ee,ric deposition, dielectric patterning, top electrode deposition 
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the integrated circuit. 

ln , hls Ty pc > application. tr, process of ,r,c present invention prides a si^cant 
throughput. 

jypn 7 Capa"'™" Structures 
capacitance or remenant polarization. 

other ptaarizatl o„ — s tna, are we,, k now» ,n the a, The *. and dieiectnc 

structure is illustrated in Figure 2A. 

bam er 23, oottont eiectrode 24, o.eiectr.c <hi g h , fcrroeiectric, etc., materia, 25 and top 
etectrode 26 are deposited » V*** «« structure shown in Ftgure 



2B. 
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The capacitors are next defined using conventional nricrolithography ,-d anisotrop.c dry 

lhe preferred embodiment ,0 produce the structure of Figure 2C. and ,s currently the most 
widespread technique for fabricating FeRAM capacitors. 



T he comparative advances of a 2 mask process are we, known, and ineiode red„c,„ g 

euge. The 2-mask approach nonetheless ,s tess eeononrica, than the , mask approach. 

, „ , ,he hieh level of leakage susceptibility that has been 
advantageously without the nign level 

characteristic of prior ar, products made by such mask approach. 

One to the predominant,, phvs.ca. nature of the reac.rve ion e.ch.ng process, residue 

elcctrod e 28, for the same reason as discussed heremabove ,n connection w,«h the 
fabrication of the Type 1 structure. 



W. Th,s process step in Figure 2D removes nretaMc conductive residue from the 
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edges of the capacitor. analogous .0 the use of the dry cleaning method of .he invert 
in the fabrication of the Type 1 structure as described hereinabove. 

,„ addition ,0 the iso,op,e dry clean process, a post oxidizing bake may be performed, 
similar ,„ that described above for the fabrication of the Type I structure. The result is a 
eapacttor structure 29 tha, ,s formed w,,h htgh yeld ,n terms of short ctrcuittng. In 
additton, the eapacttor structure 29 does no, have protrusions from the top edges of the 
top electrode. Such protrusions when present complicate the subsequent .solution of the 
capacitor array that ,s required before metalltzatton can he earned ou, ,„ eomp.ee the 
memory circuits of the structure. 

The method of the present mven.ion ,s of an euab.ing character in application to the 
fabrication of the Type 2 structure, since prior art we, methods do no. effectively clean 
nominally planar surfaces with embedded metallic contamination. 



Typi- 1 rapa cit"f Structures 

This fabneation technique is shown in the process flow schematically illustrated in Figure 
3 Such fabrication technique may be u.i.tzed ,0 completely avoid the need for R.E 
presses ,„ patten, noble metals aud complex oxide thtn films, e.g., those eompnsing 
PbZrTi0 3 , SrBiTi0 3 and BaSrTi0 3 . 
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als „ bo used .0 fabricate low-density memory arrays, due to the 
Such technique can also be usee 

■ „ „„««. of this methodology in minnmznig the patterning 
inherent economic advantages ol 

complexity and the number of steps, 

ol a,nd,e,ectr,c3 2 ,o.ra„a m yof— s «„„. shown,, W h,ch are eon.cted 

. 33 „ fomcd in a conventional dielectric material 34 ,8,0, or S*. 

recesses 33 are lunn^ 

example). 

alie „ed over the conductive plugs 31, as shown in Figure 3B. 
The capacitor recesses are aligned over 

H ,„ self-altered capacitors over such conductive 
The capacitor recesses 33 will correspond to self align 

pjug s once the patterning of the capacitors ,s completed. 

f ,avers is then deposited sequentially to form the structure 
The entire capacitor system of layers ,s the 

shown in Figure 3C. T he respective layers include conductive ba m er 33 o„o 
^^^^^^^ 
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The -via., capactors are ne X , defined by chemical P°K**» < CMP > ° f 

fom ed by CMP .ere may be stgnificant meta, contamination 39 along the edges of the 
of the capacitor if no, removed fro. the structure. Such metalhc contamtnation ,s 
during the ehemieal mechanical polishing operation. 

to function as intended. 

heal surfa cc and/or subsurface danrage ,„ the dielectric (high , ferroelectric, ere., 
mat e n a,.Suebda m a g e m aybeei t herche m ,ca,„rphysie a n„na tU re.Tbepo St o X ,di a ng 

bak c .hereby .mparts opttnrum insuring or ferroe.ectric properttes (depending on the 
material of construction) to the dielectric material. 



The 



(in terms 



of „o„-shor, circuiting device elements), in a highly economical manner. 



In this 



clean 



planar surfaces with embedded metallic contamination. 
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fealurK , aspccls and embodtments, , wi.> be resized tnat *. -ent.on may be w.deiy 
varie d and that numerous other vartattons, ^diHcattons and other embodiments wu. 
readlly su gg es. themseWes to -hose of ordinary *» in the ar, Accord,n 8 iy. *e ensn,n g 
claim s are .0 be broad, construed, as encompassing a,, such other vanattons, 
modifications and other embodiments, within their spirit and scope. 
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